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ABSTRACT OF TBB INVBHTIOH 

A eeolite-hydraulic cement containment medium 
for mi„i„ g and Blneral procMslng ^^^^ 

comp r i si „ g! . hydrated MolUe an<j a hjdrauiie ^ 

- a volume ratio of zeolite to cement of f CO m about 
1 = 9 to about 1.1, i„ wnlcn the conUiraw „ t ^.^ ^ ^ 
the form of , monolUh ^ ^ ^ 

'Olum. of the minin, or mi„ eral proc „ 
material. 
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THE EHBOOIMCTTS OP THE IWVEHTIOM^IH -gg-J^SS, 
PROPERTY OR PRIVILEGE IS 

1 A zeolite-hydraulic cement containing 

meai . for mining an. — — ^ — J* 
containing an o,y-anlon composing, hydr 
an4 s hydraulic cedent in a volume ratio of «ol U. to 
cement of from about ... to .out i,i, said contain... 

. ,n the form of a monolith and containing 

rrr- - - — - — 1 

processing waste material. 

2 The zeolite-hydraulic cement containment 

A . o£ claim 1, wherein the mining or mineral 

medium of cxaim ^ 

•no waste material in present in an amount of 

processing waste ^ 

about 30% by volume of the monolith. 

3 The zeolite-hydraulic cement containment 
med ium of Claim 1 wherein said hydraulic cement is 

nortland cement type 1. 

4 The seolite-hydraulic cement cont.xnment 

.„.nic oay-anion from refining waste of copper, Xead, 

cobalt, and gold ores. 

5 The «olite-hydraulic cement containment 

B eaium of Claim 1, wherein the reoiite is a hydrated 
Na - (S iM0 2 > zeolite containing W*. »* 
liable amounts of bydrated water in molar ratio, of 

1:1:2. 8+/-0- 2 ' 



16 



17 2153372 

— 1 P-ceasin, waste throu,h . J 1 "" 9 ." 

P«"cle. „i th , "» «a te 

— , addin, the , Mte . ^ u ;° n 7 ' 

— - u i: to hi ™ c 

cea,ent amounts sufficient to 

w« .-seoiite/^auiic cement into a mold f ? 
suffrcxent period of time to obtain 

hydraulic-cement monolith- and " " 01Ue 

onoxitft; and removing the zeom-o 

-yurauiio containment monolith ha,i„ 9 s la 

material 'therein from the mold! 

7. The method of claim « .u 

c-i-aim 6/ wherei zeoli . . 

::; - — • - - — of hydrau : 

« wer 9 ht percent of said paste. 

«• The method of claim 7,"wher. ( „ ^ 
of water "herein the amount 

added ra„ 9 es from about 20 to about 35 wei 9 ht 
P"«nt of combined hydraulic 

mixture. «™"Vwa.te-reoiite 
»• The method of claim a, wh e rei „ the WMU 

"Olrte-hydraulic cement monolith. 
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10. The process of claim 9, wherein the 
zeolite is a hydrated Na-(SiA10 2 ) and the hydraulic 
cement is a type 1 portland cement. 

11. The method of claim 10, wherein zeolite 
to cement ratios are from about 1:9 to about 1:1. 

12. The method of claim 11, wherein the 
zeolite contains Na 2 O:Al 2 0 3 :Si0 2 with variable amounts 
of hydrated water in molar ratios of l:l:2.8+/~0.2. 

13. The process of claim 6 wherein said 
oxy-anion is an oxy-anion of arsenic. 
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IC C8MSH * COKPAIBMBW MEDIUM 
BACKGROUND QT Ifflf ISVEBTIOB 
1. Field of the Invention 

The present invention generally relates to 
seolite-hydraulio ce^nt conte* * 

hazardous wastes T — *>r 

wastes, in partienl*^ «-u j 

t„ ' the lnv «»tion relates 

p ji° - Mounta f ™ P . re „ t wlth 

POrtlMd C -" nt 1" — »*. fra , 9S . 40 

»f _ ™«eafter, a oho.. B 

; r u wrti ° i - — . «.t M „ t . rlal ; 

blMded with z TOlite to £on> U 

ireo fl owing paste, and the 
i- .PPrcprUt. nolda to t J 

— utn . ft « ^ , d . y ._ fora « — * 

«• Molite-hj f dr« uUe ceaent , 

of to. Motion i. not — W— t 

j j . not encumbered by the 

disadvantages attendant to the use o, 

Per se, and is there, POrtland — * 

therefore able to contain, m ^ 

concentrations and high loading levels of J 8 J^n 
the presence of high concentrations of othe h 
elements; {2 > hiah h ««dous 

' ( ' nj *h amounts of ffle tal 
normally make soluble comol ^ 

le CQnploxea with arsenic in the 
presence of high arsenic and high metal 

nign netal concentrations; 



and (3) arsenic in the presence of cations with which 
it normally makes soluble complexes, and the arsenic is 
contained in higher concentrations than is usual in 
Portland cement monoliths. 
2. Background of the Invention 

Control of pollution is one the main concerns 
in the environment today, and mining, mineral and 
metallurgical processing wastes in the U.S. accumulate 
at the rate of thousand of tons per day, and thereby 
exposes the environment to great risks of pollution. 
In the field of inorganic hazardous wastes from mining 
and mineral processing industries, such as the copper 
mining and processing industry, it has been found that 
large amounts of oxy-anion wastes (such as arsenic) 
cannot be disposed of economically. Further, the most 
common way to solidify and stabilize mining and mineral 
processing waste solids and waste sludges is 
cementation using a hydraulic material. 

However, cements and other hydraulic material 
are the most common media for the solidification- 
stabilization of hazardous waste, and these containment 
materials after cementation and disposal (by ocean or 
land) are accompanied by several disadvantageous 
aspects in that - salts of manganese, tin, zinc, copper 
and lead are active in reducing the physical strength 
of these cements, and anions such as phosphate, lodate, 
borate, and sulfide retard the setting of these 
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— t. th. .Kt.Ot th.t, lf .U f fi= lMt qOMtma . 

of th... anion. «. pra<eBt( tu c<uMnt n8v>r hard<iM 
in .11 of th... lm . to b> oontaine(J lMoh 

from the cement matrix to son. extent. 

Th.r. ar. . nn»b.r of cewnt-b..ed proc..... 
th.t ue. vexioe. additive. ln substantial amounts to 

" d POrtl<md °*~ nt *»• -".indent of h.z.rdou. 
substance.. A g . Bml ol...i lio .t ion of th#M caBent _ 

b "" d Pr0C09 ""* « 'ollov., cement/lie,., 

CMnt/clay, oe«.ut/.orb.nt, ^ cement/polymer. 

In th. cement/I^ proc..., lim. la U8ed ^ 
slevat. th. P H of th. w..t. confident sy.t.m to beeic 
vein.., typic.lly 8-10 in ord.r to form in.olu.bl. 
-Idee, in.olu.bl. hydroxide., or ineoloebi. clcium 
eelte. „..*,..... of thl . . y . t „ ^ (J) ^ 
<»r«rdou. ~t.riel. M i.t .. eni OB . which ere solubl. 
.. calcium ..it., and < 2) .ce hszsrdou. o.tion. form 

hydroxides or complexes at h flfl i. „ 

^ ** ba *« PB ranges which ere 

soluble to sons extent . 

In the ce«nt/cl.y proc.es, .ley. «„ „ aad t „ 
absorb h.zerdou. m.t.ri.1.. w.^, 0 .... of thi . 

,1, Th. ic^din. c.p.citi.. of el , y . VMy ^ ^ 
ion or meter!.! bei og ettech^ (ln .om. oaaaa thi . 
Icndin, cepeeity i. outt. .men,, (2) ^ do ^ 
adhere well on oleys, ^ (3 , The ion. or materiel. .„ 
sdsorbmd or absorbed ., clay . and not , tron , ly ^ 
ch«ic.Uy. This e.an. the attached ion. or m.t.ri.1. 
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may be washed off the clay under the proper conditions. 
The clay can therefore act as a chromatography bed* 

The cement/ sorbent system is similar to the 
cement/clay system, the difference being that the 
material used to adsorb the hazardous substance is not 
clay. Sawdust, for example has been used to adsorb 
oils prior to encapsulation in concrete. The 
disadvantages of the cement/ sorbent systems are 
essentially the same as the cement/clay system. 

10 Additionally, biodegration of the sorbent may occur if 

the sorbent is organic. 

Cement/polymer systems usually consist of the 
polymer acting as a permeation limiting device by 
filling cement pores with hydrophobic materials, and by 
microencapsulation of the waste material. Usually, 
there ija no direct reaction between the waBte 
constituents and the polymer, and the system does not 
actually precipitate, adsorb, detoxify, or destroy the 
hazardous constituents. Biodegration of the polymer 

20 may occur. Leaching of exposed hazardous constituents 

may occur if the cement monolith becomes cracked or 
broken. 

Accordingly, in mining and mineral processing 
industries, such as the copper mining and processing 
industry, which produces large amounts of oxy- anion 
wastes, such as arsenic, there is a need to devise 
means whereby these oxy-anion wastes can be disposed of 
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* t " blUj1 '" - ^-"1 P— -in, M . te . . ollde 

— ™t„ .lud,.. OJr station i. Womiffll , 

*njan«r of a* ovskxiom 

On. object of the invention i. to provide . 

Mth0d fM Pr0dUOi »' * "*™Uo content ^edi™ for 
«inin, end -inex^ p^„.. ing ,„ t .. Mt „ rUl „ ^ fa 

effective for contains of transition Mt .l., he>vy 
"tel., end o, y - a „ iollll , sueh „ 

Another object of th. invention i. to provide 
' " e "° d ^ PI0 *' 0i '" • ^««c contains ^din, 
for «iner.l proceeein, „.te. contain^ ereenic fro. 
the refining of oopper, Lad, cobalt goW 

A further object of th. invention i. to 
P«vid. a method for produein, . h y dr.oiio containment 
~<W for .olid w..t.. or slndo... 

in g .n.r.l, th. „thod of th. invention 
" U ~"*-*-*»Uo ee^nt content «d iu * 
for hazardous vast... Tne contUnB . nt ^ ^ 

P " P "' d ty ° bt>ini -" « "oUte-hydraulic oe^t peete 
Prepared b y »iri ng f r „ ^ 5 to 60 ^ ^ 

"elite conteinin, the and 95 tQ „ 

Percent of hvdreciic c„ent untii . blend ls 

The waste is in mall narti-i. 

snail particle aijee (Tyler Mesh So. 7 

' 2 - 8 ° ° r "—after, „ ^ of 

»«.r Efficient to prodnc. . f r .. tl „ lng ^ u 
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added to waste-zeolite/hydraulic cement mixture with 
mixing, and the paste mass is then poured into an 
appropriate mold. After a sufficient period of time 
from about 24 hours to 7 days, a cement monolith is 
formed, and can be removed from the mold as a monolith 
for disposal. 

The amount of water added depends upon the 
characteristics of the waste sample, but may vary 
between about 20 to about 35% by weight of the combined 
Portland cement plus waste-zeolite mixture. After the 
paste is poured into the mold, good results are 
obtained when the temperature is kept at about 25°C - 
45°C during a 24 hour to 7 day time period in which the 
monolith is formed. 

DETAILED DESCRIPTION OF TEE INVENTION 
Portland cement by itself has been used for 
many years in Japan and elsewhere for solidification of 
wastes having hazardous constituents before ocean 
disposal; however, port land cement has several 
disadvantages when considering cementation for land 
disposal of hazardous wastes. For example, salts of 
manganese, tin zinc, copper and lead are active in 
reducing the physical strength of Portland cement. 
Further, the anions of phosphate, iodate, borate , and 
sulfide retard the setting of port land cement, and if 
sufficient quantities of these anions are present, the 
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c«.nt win n.v. r batimB . (P . L . Bi . hop( Qf 
Inor g anic aaaardou. con.titu.nt. fron 

• W..t... BMardou . 
W«t.. Hazard*,. Mat.r., 5(2„ 129-U3, l988 , p. Cot . 

COntain °* nt L "° Wl " *- C-nt-B.^ P orM Ond.r 
Acidic Condition.. Ph.D. th..i., MeMa.t.r 0n i ver8ity 
Bolton, Ontario, Canada, i, 86 . „.,. CulllMM ^ ^ 
An ».. Mm . nt of ^ ^ 

Stabilization/Solidification Proo...... Proo . mh 

Sn ° U * 1 RM,,,,rch "W* Cinoinwti, OB pp. 64 -71 

»«, «d P..M. Kondo „ t al . ( IllfWe of iMr ^ 

"it. on th. hydration of trio.lcium .i llo .t.. j. 
*PPl. Chan. Biotschnol, 27il91, 1977). 

Th. ..0lit.-hydr.uU0 eMM nt oont.inm.nt 
^ ° f « «o.U„t .odium for 

oont.inm.nt of »at.ri.l. h avin g tradition metal. 
Wy mat.!, and oxy-.nion., MpMlaUy J 
«.«io. Oxy-^ion. «. ^ OM whloh coatain oxy9en ^ 
on. componant of th. moiaty. 

Th. ..olit.-hydr.ulio oam.nt oont.inm.nt 
^ ^ " MtM —nio f rOT th. re £ ini„ g 

«* co PP «, lead, cobalt and go ld or.. - .. well 
•olid ...t.. or . ludge . L . prepared by ^ fron 
-.out 5 to .0. ,. olit . COBtallUnj ^ ^ about 9s 
to 40 ,.i,ht P.rc„t or portlMd csa>nt untu ^ 
intimat. bland i. obtained. ,h. hazardou. „.«. ls in 
'"*" PartiCl * <i2 " <Tyl.r H..h 7 (i... 2 . eo m) „ r 
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higher]. Thereafter, an amount of water sufficient to 
produce a free flowing paste is added with mixing to 
produce paste mass of zeolite-waste/port land cement. 
The paste is poured into appropriate molds and kept 
there until a cement monolith is formed. 

More particularly, the monolith formation is 
formed as follows: (1) Arsenic waste is passed through 
a sieve of Tyler mesh size 100 and intimately combined 
with the desired amount of zeolite. (2) Dry hydraulic 
10 cement is added to the waste-zeolite mixture in small 

portions and intimately mixed until all the required 
cement is incorporated. (3) Water is added with 
constant stirring until a soft paste stage is reached. 
The amount of water added will depend upon sample 
characteristics, but can vary between about 20 to 35% 
of the combined port land cement plus waste-zeolite 
mixture. (4) The paste is poured into molds which are 
kept at a constant humidity (88% relative humidity) and 
temperature (40°C) for 7 days at which time the 
20 monoliths are removed from the molds. 

However, the usefulness of the invention is 
not confined to the percent relative humidity, curing 
time, and temperature, or cementatious material or 
zeolite class mentioned. Any relative humidity, curing 
time, and temperature suitable for the cementation 
process of a hydraulic cement and any zeolite will 
suffice. 
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A typical artificial seolite-hydreulic c<JBMt 
containment milium «eordi. g t. th. mention ia 
monolith, of er.enic WMt . MtMrlil .. Th . oontalnBMt 

^ C ° MUt ° f * "^"fO »« (Si*10 2 , type Mollte 
(faujaeit.) with . cubic .tructur. .imilar to sodaUt<>> 
ond typ. 1 Bortland 04BMlt u TOlmt ratlM ftoB i 9 t ' 

1.1 (zeolite to cement,. Th. zeolite confined molar 
ratio, of ». 20! Al 2 o 3 ,sio 2 with variable amount, cf 
nydrated w.t.r preeent of re.p.ctiv.ly. 
However, tb. u..fuln... of th. invention i. not 
oonfinea to thi. group aud/or etruotur. or either 
netural or artificia! or loin, a. other zeolite, via 
perform th. same function. 

EXAMPLE 1 

Containment of Copper Smelter Waete. 
Table 1 contain, th. chemical analyei. of . 
oopp.r ».lt.r v ..t. -tfc typlcsl ^ ^ ^ 

ar..nic oont.nt.. Th... high v.lu.e make oont.inm.nt 
of coppor welter w.«. difficult, end ueu.Uy retire 
ler,e dilution o, th. waet. p roaoc t. s containment 
«o..Uth of thi. materiel wa. mad. u.in, tb. procedure 
d..cribed above. Ih . moaclith contained 30% by volume 
of th, copper «m.lt.r w..t.. The copper mlt „ „.. t . 
in the nove! z.olite-portland cement containment m^iu. 
-oceeefully pee.ed KP A -» Toricity Charact.ri.tic 
Inning Procedure (TCLP, r.guir.m.nt. (... Tlble 2) 
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Table 1 

Copper smelter waste sample analysis 



Element" 



Antimony. .mg/kg. • 

Arsenic pet... 

Barium mg/kg. . 

Cadmium • .mg/kg. • 

Chromium mg/kg. • 

Copper pet... 

Iron mg/kg. . 

Lead mg/kg. • 

Tin o . .mg/kg. . 



Concentration 



8.87 
10.7 
1400 
1200 
7.7 
7.9 
97.1 
65 
536 



Table 2 

Copper smelter waste TCLP analysis, mg/kg 



Element 



Arsenic 

Barium 

Cadmium 

Chromium 

Copper* 

Iron* 

Lead 

Mercury 

Silver 

Tin* 




Concentration 
Present 



1.81 
<1.00+ 
0.03 
0.07 
0.02 
<0.05 
<0.05 
<0.002 
<0.01 
<0.02 



♦Drinking water standard. 



♦Element shown as n <" indicate below detection limit of 
the analytical method used. 



EXAMPLE 2 

Containment of Arsenic Acid Production Wastes 
Table 3 contains the chemical analysis of an 
arsenic acid production waste with typical high iron 
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«d high « aMlo =ont„t.. Th... hlg h v.l uo . ueu . Uy 
**** '* <* th. M .t. d i mcott( 

* r "" i0 * «*« -»«"• co^l„ with ,.« io iron 

"* ir ° n ,X "*" «'Prop ort io M t„ into ferrou. ^ 
ferric valence states. 



Table 3 

Crud. «r„nie .cid prcductioa w„t. , Mpl . „. lyal , 




Arsenic. 
Barium, . 

Cadmium. 
Chromium 
Copper. . 
Iron. 
Lead. 
Mtorcury. . 
Silver. . . 
Zinc 



• «pct. . . 
.mg/kg. . 
•mg/kg. . 
•mg/kg. . 
••pot... 
•mg/kg. . 
•mg/kg. . 
•mg/kg. . 
•mg/kg. . 
•mg/kg. . 



32 
308 

60 

57 

84 
2.6 
399 
79 
25 
38 



A containment monolith of this arsenic waste 
material was made using the procedure described above 
The monolith contained the waste at a loading of 30% by 
volume. The crude arsenic acid production waste in the 
novel seolite-hydraulic cement containment medium 
successfully passed EPA' a Toxicity Characteristic 
Leaching Procedure (TCLP, requirements (see Table 4, 
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Table 4 

Crude arsenic acid production waste TCLP analysis, 

mg/kg 



Element" 



Arsenic 

Barium 

Cadmium 

Chromium 

Copper* 

Iron* 

Lead 

Mercury 

Silver 

Tin* 




concentration 
Present 



2.09 
<1.00 
<0.02 
<0.05 
<0.02 
<0.05 
<0.05 
<0.002 
<0.01 
<0.02 



•Drinking water standard. 



♦Element shown as "<» indicate below detection limit of 
the analytical method used. 



EXAMPLE 3 

Containment of Very High Level Artificial Waste 
Table 5 contains the chemical analysis of an 
artificial inorganic hazardous waste. The high ion 
content for each element present, i.e., 5960 mg/kg of 
mercury in the waste is not typical for hazardous waste 
materials. These high values were used as a measure of 
the potential effectiveness of the invention 
containment medium for BPA listed inorganic hazardous 
elements. A containment monolith of this material was 
made using the procedure described above. The monolith 
contained 30% by volume of the waste. This sample 
successfully passed EPA's Toxicity Characteristic 
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Leaching Procedure (TCLP, retirements (see Table 6,, 
Mercury was contained to below detection limits. 



Table 5 

Artificial inorganic hasardous waste sample 
analysis, mg/kg ^ 



Element' 



Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Silver 

Zinc 



Concentration 



6310 

6290 

4600 

5670 

5950 

4930 

5260 

5940 

6040 

5530 



Table 6 

Artificial inorganic hazardous waste sample TCLP 
analysis, mg/kg ^ 



Lenient 



Arsenic 

Barium 

Cadmium 

Chr omiu m 

Copper* 

Iron* 

Lead 

Mercury 

Silver 

Tin* 



concentration 
permitted by EPA 



5.0 
100 
1.0 
5.0 
1.0 
0.4 
5.0 
0.2 
5.0 
5.0 



-jinking water standaH 



0.29 
.09 
.07 
.04 

<0.02 
.08 
.51 

<0.002 
.01 
.03 
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Before the advent of the preaent artificial 
zeolite-hydraulic cement containment medium, hydraulic 
cementation haa not been very effective with waatea 
containing oxy-aniona, auch aa araenate, eelenate, 
etc., or with aoluble oxidea or hydroxidea. 

The containment of oxy-aniona in the zeolite 
need not be limited to the direct accesaibility of the 
anion to normal zeolite binding sitea. Any form of 
faujaaite zeolite is usable to contain oxy-anions. 
Further, any zeolite that contains exchangeable mono- 
valent cations are usable in the context of the 
invention. Further still, any zeolite that contains 
divalent or trivalent cations is usable in the context 
of the invention to bind arsenate or other oxy-anions. 

The familiea of zeolites that are useful in 
the context of the invention are: faujaaite, 
Chabazite, zeolite A, zeolite Rho, zeolite ZK-5, 
zeolite X, zeolite Y. wilhendersonite, gmelinite, 
edingtonite, natrolite, tetranatrolite, paranatrolite, 
mesolite, seolecite, thomsonite, gonnardite, analcime, 
wairakite, gismondine amicite, garronite, gobbinaite, 
zeolite NaP-1, laumonitite, merliontite, paulingite, 
phillipsite, harmotome, yugawaralite, canerinite, 
erionite, levynite, zeolite 1, zeolite loaed, zeolite 
omega, sodalite, offretite, mazzite, bikitaite, 
dachiardite, epistilbite, ferricite, zeolite ZSM-5, 
'mordenite, brewsterite, heulandite, clinoptilolite, 
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stibit e , st ellerite , barrerit e , af ghanite , liottite , 
franzlnite, sacrofanite, giuseppettite, svetlozarite, 
doranite, chiarennite, hsianghualite, lovdarite / 
wenkite , roggianit e , partheit e , per lialit e , vi Beit e , 
keoheite, leucite, pollucite, herscheilite, phacolite, 
leonhardite , wellsit e , goosecreekite , cowlesite , 
zeotypes based on aluminum phosphate, and any zeolites 
made by modifications of these structures. 

The foregoing description of the specific 
embodiments will so fully reveal the general nature of 
the invention that others can, by applying current 
knowledge, readily modify and/or adapt for various 
applications such specific embodiments without 
departing from the generic concept, and, therefore, 
such adaptations and modifications should and are 
intended to be comprehended within the meaning and 
range of equivalence of the disclosed embodiments. It 
is to be understood that the phraseology or terminology 
employed herein is for the purpose of description and 
not of limitation. * 



